Objective The aim of this study was to compare the uptake of mail-delivered tests for colorectal cancer screening. We assessed the effect of an advance notification letter and a reminder letter, and analysed the proportion of inappropriately handled tests. Materials and methods Fifteen thousand randomly selected residents of Latvia aged 50-74 years were allocated to receive one of three different test systems: either a guaiac faecal occult blood test (gFOBT) or one of two laboratory-based immunochemical tests (FIT) -FOB Gold or OC-Sensor. Half of the target population received an advance notification letter; all nonresponders were sent a reminder letter. Results The uptake of screening was 31.2% for the gFOBT, 44.7% for FOB Gold and 47.4% for the OC-Sensor (odds ratio 0.55; 95% confidence interval 0.51-0.60 for gFOBT vs. FOB Gold; odds ratio 0.90; 95% confidence interval 0.83-0.98 for FOB Gold vs. OC-Sensor). The uptake in the gFOBT group was improved by the advance notification letter (7.7%, P < 0.0001). 30.9% returned tests were received after the reminder letter. The proportion of tests that could not be analysed because of inadequate handling was 0.9% for gFOBT, 4.4% for FOB Gold and 0.2% for the OC-Sensor (P = 0.002 for gFOBT vs. OC-Sensor; P < 0.001 for all comparisons vs. FOB Gold).
Introduction
Population-based colorectal cancer (CRC) screening is recommended in all countries of the EU [1] , and Latvia has declared its intention to implement this type of screening [2] . On the basis of the approach used in the Czech Republic [3] , nationwide screening in Latvia has been implemented through general practices without a direct invitation to the target population, and uptake has been disappointing -at best 9.6% as of 2013, but 7.6% for the period during which the study was carried out (i.e. 2010) [4] reflecting not only poor organization of the system but also low awareness of screening benefits in the target population as low uptake is characteristic for all cancer screening programmes, and also for those in which invitation letters are being mailed [4] . Therefore, changes in the CRC screening system are required. Here, we report the results of a pilot study designed to establish a strategy to optimize population screening in Latvia.
Organized population CRC screening is the approach recommended by the recent European Guidelines for Quality Assurance in Colorectal Cancer Screening and Diagnosis [5] . However, many European countries are still in the process of implementing organized CRC screening.
In Europe, faecal occult blood tests are recommended for screening and, until recently, guaiac-based tests [guaiac faecal occult blood test (gFOBT)] were recommended [6] because of evidence from randomized-controlled trials of a reduction in mortality [7] [8] [9] . The recent European Guidelines [5] now encourage the use of quantitative faecal immunochemical tests for haemoglobin (FIT) instead of the traditional gFOBT because of better performance [10] [11] [12] [13] .
FIT have several other advantages of over gFOBT: restrictions in the use of medications before testing are not necessary, test handling is easier for the participant, the test is specific for human blood, and thus dietary restrictions are not necessary and only one faecal sample is necessary for testing in each episode [14] [15] [16] . At the same time, there are several disadvantages for FIT use; in particular, increased thickness of the envelope necessary to protect the FIT collection device could increase the risk of damage to the devices when distributed in the mail. Sample stability could be more of an issue with FIT because FIT detect human globin, which is less stable than the haem detected by gFOBT. At room temperature, the manufacturers' recommended maximum timeframe for analysing FIT may be half that advised for gFOBT. In addition, FIT are more expensive than gFOBT.
Mail delivery of faecal occult blood tests directly to potential screening participants has not been tested in Latvia. The aim of this study was to identify the best approach to maximize uptake in a country where there is a low awareness of the benefits of screening among the target population and low uptake of the current opportunistic screening approach. In addition, we tested the potential gain from advance notification and reminder letters comparing three faecal occult blood tests currently used widely in Europe [5] .
Materials and methods

Study population selection
The study population was identified from the Cancer Screening Registry, which is linked to the Latvian Population Registry (including data on all the permanent inhabitants of the country) and the National Cancer Registry. Individuals who, according to data from the National Cancer Registry, had a history of CRC were excluded. In 2011, a total of 15 000 individuals aged 50-74 years were selected at random from the Cancer Screening Registry covering the entire population of Latvia, and then randomized further into three subgroups, of 5000 individuals each, to receive either the gFOBT or one of the FIT kits. In addition, half of the study group (7500 individuals) was assigned randomly to receive an advance notification letter. The letter provided brief information on CRC and the value of screening, and informed the recipient that a screening test would be mailed to the individual unless a refusal to participate was received from him/her. All the nonresponders received a reminder letter, irrespective of whether or not they had received an advance notification letter.
Ethics approval
The study was approved by the Central Medical Ethics Committee of Latvia, protocol NA-10, date 15 December 2010.
Invitation procedure
The cohort that was randomized to receive an advance notification letter was provided an option to refuse participation in the study by telephone. Two weeks following the advance notification letter (June, 2011), a faecal occult blood test, together with instructions, an invitation letter and a postage-paid return envelope, was sent to all individuals who had not refused to participate and whose advance notification letters had not been returned by mail services as being undeliverable. The invitation letter stated that the return of the test kit was considered acceptance of participation in the study.
The cohort that was randomized to not receive an advance notification letter was sent an identical invitation letter with the faecal occult blood test, instructions and return envelope. As 3-day faecal collection was required for gFOBT, gFOBT kits were mailed 2 days before the FIT; therefore, all the groups were allowed a similar time to respond. The proportion of returned tests was monitored on a daily basis for all groups. When the proportion of returned tests decreased below 0.5%/day and remained at this level for at least 3 consecutive days, a reminder letter was sent to all nonresponders.
Tests returned 3 days or more after the mailing of the reminder letter were considered received 'after' the reminder; this lag time was derived by considering the mail system's operational time and the time needed to complete the test.
Completed tests received up to 60 days after despatch were included in the current analysis.
Test types
We chose two of the quantitative FIT with adjustable cutoff haemoglobin concentrations listed in the European Guidelines [5] , that is FOB Gold (Sentinel Diagnostics, Milan, Italy) and OC-Sensor (Eiken Chemical Co., Tokyo, Japan). The gFOBT used most widely in Latvia, HemoCare (Care Diagnostics, Möllersdorf, Austria), was chosen for the third arm. One faecal sample (taken according to the manufacturers' instructions) was required for the FIT, whereas three consecutive faecal samples (two samples from each) were required for the gFOBT.
The FOB Gold faecal collection device is a roundshaped tube with two screw-threaded caps -one at each end of the collection tube; the green-coloured cap is designed to be removed for sample collection, whereas the other cap is for laboratory testing. The OC-Sensor faecal collection device is a flattened tube with one cap attached to the sampling device. The bottom of the device has a foil seal that is perforated by the analysers in the laboratory to allow access to the sample buffer.
The screening participants were asked to record the sampling date: for the gFOBT and OC-Sensor, the date was recorded on the sample collection device itself, but for FOB Gold, an additional leaflet was provided as space for writing the date on the sample tube was inadequate. Recommendations for dietary restrictions were made according to the manufacturers' instructions. Only gFOBT carried a requirement to avoid raw or partially raw meat, sausages or horseradish, and to limit the intake of vitamin C or aspirin and to consume more fibre-containing foods.
Evaluation of appropriateness of handling
Each of the tests was evaluated by trained laboratory technicians according to the appropriateness of handling when returned to the laboratory for analysis. The assessment included a review of possible damage to the test in transit, the amount of faecal sample inside the system (visual assessment), whether the system has been opened appropriately and whether the sample had been placed according to the instructions. For FIT, the presence of the buffer in the system was recorded. The presence or absence of the sampling date was also recorded.
Feedback
A telephone helpline was provided for anyone who wanted to refuse participation and for invitees with questions and/ or concerns. Every individual who called the helpline and wanted to opt out was asked for the reasons for nonparticipation. Those not willing to participate were classified as 'rejected'. Other reasons for nonparticipation (e.g. diagnosed with CRC, having recently undergone faecal occult blood testing, etc.) were classified as 'excluded for other reasons'. Addressees of letters returned undelivered by the mail services were included in the group 'excluded for other reasons'.
Definition of screening uptake
The screening uptake between the different test groups was defined as the number of returned tests from the number of cases assigned for the particular strategy, that is on an 'intention-to-test' basis. The tests that have been handled inappropriately, yet returned according to the instructions, were also included in the group of 'returned' tests. Similarly, the gain from the notification letter was calculated on an 'intention-to-test' basis. However, no additional randomization was used to evaluate the impact of the reminder letter. For the latter purpose, the proportion of the test kits returned after the reminder letter and following a considerable decrease in return of the test kits initially was considered.
Statistical analysis
Oracle Database PL/SQL Packages and Types Reference 10g Release 2 (version 10.2; Oracle America Inc., Redwood City, California, USA) were used to select the study population from the Cancer Screening Registry database. Further randomization procedures were performed using Microsoft Office Excel 2007 (Microsoft Corporation, Redmond, Washington, USA).
The software and database for data capture and storage were developed using the Sample Information Management System SIMS (a component of the SIMBioMS software suite) [17] by creating an appropriate configuration as well as by adding additional software modules.
Further statistical analysis was carried out using Microsoft Office Excel 2007, statistical package for the social sciences (SPSS version 17.0; SPSS Inc., Chicago, Illinois, USA) and SAS System for Windows, version 9.3 (SAS Institute Inc., Cary, North Carolina, USA).
The homogeneity of the study groups was tested using Pearson's χ 2 -test. Frequency distributions were evaluated for the categorical variables (sex, age group, the place of residence). Age groups were analysed in 5-year age intervals. The place of residence was divided into three groups -group I: Riga, the capital of Latvia; group II: other major cities; and group III: rural areas. Groups I and II were considered urban areas.
Multivariate logistic regression was used to estimate odds ratios and 95% confidence intervals (CIs) controlling for potential confounders (age, sex, place of residence). In addition, the interaction effect of the two randomized factors (test group and advanced notification letter) was explored using a logistic regression model to carry out a sensitivity analysis for main comparisons.
Summary statistics include point estimates and standard deviations or 95% CIs for all variables. All significance levels were set to P less than 0.05, but in the comparison of all three study arms, a Bonferroni multiplicity correction was applied (i.e. significance level of 0.05/3 = 0.0167).
Results
There was an equal distribution between the three groups (5000 individuals each) randomized to each of the test types in terms of sex (P = 0.85), age group (P = 0.56) and place of residence (P = 0.1). Of the 7500 individuals randomized to receive the advance notification letter, 2506 individuals were in the gFOBT, 2484 individuals were in the FOB Gold and 2510 individuals were in the OC-Sensor arm. Figure 1 presents the number of mailed and received letters/tests for each of the study groups.
In the group that received advance notification letters, 300 (4.0%) of the addressed individuals refused to participate; an additional 44 individuals (0.6%) were excluded because the letters were returned by mail services as being nondeliverable (nonexistent address, addressee not living at the address, addressee deceased).
For all groups, the most common reasons for refusing to participate were a lack of willingness to participate (63.1%), faecal occult blood tests performed during the current year (8.7%), having moved abroad (5.8%), previous colonoscopy (2.3%) or a personal history of CRC (0.9%), the latter indicating discrepancies with the Cancer Registry database as this group should not have been invited otherwise.
An additional 336 refusals (2.3% of those to whom the tests were mailed in each group) were received. For the group that did not receive an advance notification letter, refusal after receipt of the test was 2.1%, whilst for those who did receive an advance notification letter, refusal after receipt of the test was 2.5%.
Altogether, 14656 tests were mailed and 6023 tests were returned. Of those returned, two envelopes (0.01%) were damaged (both in the FOB Gold group). Uptake for the entire study population was 41.1% (Table 1) . Uptake was 31.2% for gFOBT, 44.7% for FOB Gold and 47.4% for the OCSensor [odds ratio (OR) 0.55; 95% CI 0.51-0.60 for gFOBT vs. FOB Gold; OR 0.50; 95% CI 0.46-0.54 for gFOBT vs. the OC-Sensor; OR 0.90; 95% CI 0.83-0.98 for FOB Gold vs. the OC-Sensor]. Uptake for all tests was significantly lower among men (34.1%) than women (46.1%; OR 0.61; 95% CI 0.56-0.65). Uptake of any test was the lowest in the youngest age group (50-54 years) and increased with age until the second highest age group (65-69 years). The differences in uptake between the youngest group and all the other age groups were statistically significant [the largest difference being for 65-69 vs. 50-54 years (OR 1.50; 95% CI 1.35-1.67)].
Overall uptake was higher in rural than in urban areas; no difference was found between Riga, the capital of Latvia, and other major cities of the country (Fig. 2) .
In the group that did not receive the advance notification letters, the overall uptake was 38.6% (26.6% for gFOBT, 43.8% for FOB Gold, 45.3% for OC-Sensor tests). Advance notification letters increased uptake by 3.1% (P = 0.0001) overall. A marked increase in uptake was observed for the gFOBT group (7.7%, P < 0.0001); for the OC-Sensor, the increase in uptake was not statistically significant (1.6%, P = 0.5); and for FOB Gold, uptake was unchanged (0.04%, P = 0.99).
The reminder letter was mailed on average 20.7 days (median 20, SD 1.8) after the initial test. Altogether, 30.9% of the tests were received following the reminder letter (38.8% for gFOBT, 27.8% for FOB Gold, 28.6% for the OC-Sensor). Figure 3 presents uptake for men and women depending on receipt of advance notification and/or reminder letters (for gFOBT and FIT combined).
Altogether, 5.1% of the returned analysed tests did not include the sampling date (5.9% for gFOBT, 1.6% for FOB Gold, 7.9% for the OC-Sensor; P = 0.03 for gFOBT vs. OC-Sensor, P < 0.001 for FOB Gold vs. both the comparisons).
Of the returned tests, 0.1% of gFOBT, 10.5% of FOB Gold, but none of the OC-Sensor test kits had been opened inappropriately. For FOB Gold, this meant that the opposite side of the test device was opened, although some of these test samples were still used for the analysis (see Table 2 ). The proportion of tests that was unreadable because of inadequate sample handling was 0.9% for gFOBT, 4.4% for FOB Gold and 0.2% for the OC-Sensor (P = 0.002 for gFOBT vs. the OC-Sensor; P < 0.001 for all 
Discussion
Our study showed that CRC screening test mail delivery is a feasible approach in Latvia, and that the uptake can be improved by using FIT instead of gFOBT. Implementation of an organized CRC screening programme is a complex process, and achieving the quality indicators in participation provides only one of the required factors in this chain.
General uptake characteristics
Direct mailing of a faecal occult blood tests, together with instructions, an invitation letter and a postage-paid return envelope with laboratory address, is known to increase uptake significantly [18] . The age, sex and residence of the study population were representative of the entire country because of random sampling. The proportion of women in the study population was higher, reflecting the population distribution in this age group.
The current approach to CRC screening in Latvia is opportunistic screening using gFOBT performed from three consecutive faecal samples. As screening was introduced only a few years ago (between 2005 and 2009) and no populationwide campaigns have been conducted during the implementation, awareness of the benefits of screening is low; this is reflected in the low current uptake [4, 5] . Quantitative FIT have many advantages over gFOBT, including an adjustable cut-off for the haemoglobin concentration that determines a positive result, thereby allowing local decisions on the threshold for referral for colonoscopy according to colonoscopy resource. FIT are now recommended over gFOBT for CRC screening [5] .
Our study was designed in three arms -a traditional gFOBT and two quantitative FIT. The overall uptake achieved with targeted mailing (41.1%) was markedly higher than that for the existing opportunistic screening programme in Latvia (7.6%). This study has shown that mail delivery of faecal occult blood tests for screening is feasible in an area with comparatively low awareness of screening benefits. These observations are supported by the results of a randomized study in Belgium: the participation rate was 52.3% with mail-delivered FIT tests compared with 27.7% for tests kits provided by a general practitioner (P < 0.001) [19] . As has been reported elsewhere [19] [20] [21] [22] [23] , the participation of women and rural inhabitants was higher when kits were mailed directly to potential participants.
Overall uptake was close to the acceptable minimum requirement (45.0%) set by the European Guidelines [5] . The difference in uptake between different tests is an important consideration. Uptake of gFOBT uptake (31.2%) was markedly below 45.0%, whereas there was a slight trend favouring uptake of the OC-Sensor test (47.4%) compared with FOB Gold (44.7%). Therefore, Fig. 3 . Uptake according to receipt of an advance notification and reminder letters for women and men for gFOBT and for FIT (pooled together). without an extensive public awareness campaign, the recommended minimum acceptable uptake was achievable with FIT. The difference in uptake between gFOBT and FIT reported here is even higher than that reported in other studies in the Netherlands [11, 24] , Italy [15] or in the USA, Washington State [25] . However, a recent study from Israel reported slightly higher uptake for gFOBT (28.8%) than FIT (25.9%; P < 0.001); in this study, three faecal samples were analysed for any of the tests [22] . It could be speculated that in a low-awareness population, a more easy-to-use test (i.e. FIT test requiring single stool collection and no dietary modifications) could have a higher impact on uptake than in a population with a better understanding of the screening benefits.
The differences in uptake between gFOBT and FIT could be explained by a number of factors. Although modest dietary restrictions for gFOBT may not have critical importance [26] , there is at least one study showing the adverse effect of dietary restrictions on uptake [27] . The requirement for just one faecal sample for FIT may also improve compliance [14, 28] . Finally, aversion to sampling faeces is another important barrier [14] ; this factor could also favour FIT as less contact with faeces is required. Our on-going research will provide more data on patient preferences in our study cohort.
Advance notification letter
The impact of sending an advance notification is two-fold: first, as a tool to increase uptake and second, to avoid the cost of sending the test to individuals who are not motivated to participate. Conversely, there is the possibility that more individuals will decline screening if asked for their preference.
Several studies have suggested that an advance notification letter may increase participation [29] . In Australia, an advance notification letter increased uptake from 39.5 to 48.3% (i.e. by 8.8%); this was statistically significant, although the study groups were small [30] .
Similarly, in a large screening pilot study in Scotland, an advance notification letter or a letter accompanied by an information booklet increased uptake compared with the invitation letter only (increase by 5.1 and 4.6%, respectively); this difference was apparent for both sexes and also in deprived population groups. In general, uptake was slightly higher (53.9% without an advance notification) than that in our study [31] .
Data from the Netherlands have suggested that an advance notification letter increases uptake by 3.3%, and the authors consider that this observation supports recommending that such letters should be incorporated within the standard CRC screening invitation process [32] .
The higher impact of a notification letter on gFOBT users than for FIT could be because gFOBT is more difficult to use, and that advanced information to that group might have a greater influence than on FIT users. Therefore, although it might be rational to use advance notification letters in a gFOBT-based programme, the evidence is less convincing for FIT.
Reminder letters
The meta-analysis carried out by Stone et al. [33] showed the role of patient reminders (adjusted OR 2.75; 95% CI: 1.90-3.97) and provider reminders (adjusted OR 1.46; 95% CI: 1.15-1.85) in increasing the target population compliance.
Marked differences in the gain from reminder letters have been reported in different studies. In US-based studies, reminder letters yielded additional uptake ranging from 5.9% [34] to 16.2% [35] , but the authors of a study from the Netherlands with a design similar to ours [32] reported that 12.9% of all returned tests were received following the reminder letter. In our study, a higher proportion of tests (30.9%) was received following the reminder letter; therefore, there could be marked differences in the gain from the reminder letters in different European populations, and local pilot studies should be carried out to evaluate the local results.
Variable timing for reminder letters has been trialled in different studies, starting from 10 days after receipt of the faecal occult blood tests kits [35] up to 60 days in the study from the Netherlands [32] and even 6 months in another US study [36] . Compared with some studies, our reminder letter was sent comparatively early (21 days after mailing the tests) as we considered it important to send the reminder letters before the test kits were discharged as the reminder letters did not contain an extra test.
The sending of reminder letters was of critical importance in our population as a large proportion of tests was returned following the reminder. In this population, a screening approach that did not include a reminder letter would not achieve the minimum uptake requirements set in the European Guidelines.
In general, our data suggest that the yield of a reminder letter could be higher than that of an advance notification letter; therefore, under the circumstances of limited Improving uptake of colorectal cancer screening Santare et al. www.eurojgh.comhealthcare budgets, we would suggest the use of a reminder letter as the initial step to increase uptake.
Appropriateness of test handling faecal immunochemical tests
Individuals returning FOB Gold tests were better at recording the date of sampling than those returning either gFOBT or the OC-Sensor. For FOB Gold tests, there is no manufacturer-assigned space to record the date or any other information on the sampling tube, and so a special research-designed leaflet was added to the letter. Sampling dates for tests sent with a separate leaflet were better documented than those with a designated space on the test kit. It is likely that the limited space available for recording the date on gFOBT and OC-Sensor tests could cause problems for elderly individuals. The possibility of sending tests with a separate leaflet for recording sampling dates should be considered. A laboratory-based comparison of the two quantitative FIT listed in the European Guidelines has been performed by Lamph et al. [37] , although, to our knowledge, our data provide the first clinical comparison between FOB Gold and the OC-Sensor in a randomized population setting. The third laboratory-based test system (HemSp/ Magstream HT; Fujirebio Inc., Tokyo, Japan) has a nonadjustable cut-off haemoglobin concentration and is therefore not the optimal screening tool as adjustment of the cut-off haemoglobin concentrations should be possible to optimize the referral rate [37] .
The laboratory examinations have indicated the potential risk of leakage from FOB Gold tubes as the buffer compartment of this test tube has a cap that could be removed in error by the participant. OC-Sensor sample tubes have a robust construction and are unlikely to leak in transit [37] . Our clinical data support this concern -more than 10.0% of the FOB Gold sample tubes had been opened inappropriately, whereas none of the OC-Sensor sample tubes was mishandled. In 0.3% of the FOB Gold tests, the wrong end of the tube had been filled with the faecal material (Table 2) , rendering the test unreadable.
Although in laboratory settings FOB Gold and OCSensor collecting systems are designed to sample an identical amount of faecal material (10 mg) [37] , in our cohort, an excessive amount of faecal material had been placed in 0.4% of FOB Gold sample tubes. None of the OC-Sensor sample tubes contained excess samples.
98.9% of FOB Gold and 99.1% of OC-Sensor tests were analysed within 7 days of the sampling date, and 96.5 and 97.3% within 5 days, respectively. This is in line with the manufacturers' recommendations if the samples are stored in a refrigerator and allowing for 2-3 days of this period in the mail system at higher temperatures. The laboratory tests have, however, shown that the performance of FOB Gold deteriorates during the 7-day period at 4-8°C temperature and 3 days at 23-26°C temperature [37] .
For the purposes of this study, we packed the sampling tubes in standard envelopes to avoid differences between the study groups. The proportion of damaged envelopes in any group was very low and did not create problems for the study. The thickness (maximum outer diameter) of the FOB Gold sampling tube reaches 15 mm, and according to the postal regulations in the EU, this size may be required to be sent in a postal parcel, not a standard envelope; this would increase the mailing costs considerably. At the same time, our results indicate that a normal envelope is sufficient for any of the evaluated tests.
Our findings are limited to the current test design used in the study. Manufacturers are continuously updating the design of their products and further studies may be required to ensure that these observations remain valid.
Conclusion
In conclusion, mail-delivered faecal occult blood tests were proven to improve uptake of CRC screening in Latvia. The uptake of FIT was better than for gFOBT. There was a small difference in uptake between the FOB Gold and OCSensor tests and the proportion of inadequately handled tests was markedly higher for FOB Gold. Using a separate leaflet to record the sampling date increased the proportion of tests with the sampling date. The use of an advance notification letter was found to be more effective for gFOBT than FIT, whereas a reminder letter was of critical importance to ensure an acceptable uptake.
We consider that the results obtained are important not only to guide the implementation of an organized screening programme in Latvia but also for other countries with similar socioeconomic conditions and awareness of the CRC screening target population.
